Objectives The aim of this study was to conduct a systematic review to compare the survival rates between short implants (length < 10 mm) versus standard-length implants (≥ 10 mm) inserted in grafted bone. As secondary outcomes, marginal bone loss and survival rates of the implant supported prostheses were also analysed. Materials and methods Randomised controlled trials (RCT) that compared both techniques were searched on three electronic databases till June 2016, a manual search was performed on the bibliography of the collected articles, and the authors were contacted for additional references. The estimates of the interventions were expressed in relative risk (RR), mean implant survival rates and mean differences in marginal bone. Results Eight RCTs were included in this study. From a total of 458 short implants, 15 failed (mean survival rates = 96.7%), While from 488 regular implants, 13 failed (mean survival rates = 97.3%). The technique did not significantly affect: the implant failure rate (P > 0.05), with RR of 1.34 (95% CI 0.67-2.87), the mean differences of marginal bone loss (P = 0.18; MD − 0.04 mm [− 0.10; 0.02] 95% CI), at loading or prosthesis failures rates (RR:0.98; 95% CI 0.40-2.41). The mean differences of marginal bone at 1 year follow-up (post loading) presented significant marginal changes in the short implant group (P = 0.002; MD − 0.10 mm [− 0.16; − 0.03] 95% CI) although a significant high heterogeneity was found between groups. Conclusions This systematic review suggests no difference between both techniques in the treatment of atrophic arches. However, more long-term RCTs are needed to evaluate the predictability at the long run. Clinical relevance The use of short implants might be considered an alternative treatment, since it usually requires fewer surgical phases and tends to be a more affordable option.
Introduction
Edentulism is a very prevalent condition throughout different populations [1, 2] . Over the years, total edentulism has been dwindling thanks to a better knowledge of tooth-loss prevention techniques by both dental practitioners and the general public, falling a near 15% since the 1940s [3] . Although total edentulism is not as prevalent as it used to be, there are still a large number of partially edentulous patients who are in need of tooth replacement in order to retain their oral functionality and aesthetics. This has been observed by Madhankumar et al. [4] , who concluded in their epidemiological study that many patients with edentulous ridges with adjacent teeth cannot support a prostheses (range from 47.0 to 56.6%).
In 1982, Brånemark described for the first time the use of dental implants for the rehabilitation of edentulous patients, with prosthetic survival rates at 15 years of 81% for the maxilla and 100% for the mandible [5] . Since then, implants are often used as a treatment option for total or partial edentulous patients [6] being that their success is directly related to the osteointegration process [7] .
An effective way to increase the amount of bone-to-implant contact area is enlarging the implant length/diameter [8] . However, this is limited by the anatomic structures in the remnant bone, such as the inferior alveolar nerve, the lingual concavity, the maxillary sinus and the nasal cavity. For that reason, different ridge preservation and bone-regenerative techniques have been developed in order to increase the bony space in which an implant could be inserted, including sinus floor elevation and coronal bone regeneration. It has been proven that these techniques are predictable [9] [10] [11] . However, these techniques imply a higher economic cost for both the patient and the dentist, need a high degree of surgical expertise and require more surgical time and appointments. Furthermore, they are not free from complications, including infection and sinus membrane perforation in the case of the sinus floor elevation procedures [12] ; soft tissue dehiscence and need for additional surgeries in the case of the bone regeneration procedures [13] .
Thus, short implants defined as implants that have a length smaller than 10 mm were introduced advocating to be simpler and more effective for the rehabilitation of atrophic ridges [14, 15] . However, this first definition of short implants has been questioned, and different new definitions have been proposed like implants shorter than 8, 7 or even 6 mm [16, 17] . Having into account this plethora of definitions, the authors of this systematic review used as a reference those implants that are less than 10 mm length.
Short implants can have, however, certain limitations, such as an unfavourable crown-to-implant ratio, poor aesthetics in the anterior atrophic maxilla, a difficult plaque control and the relative risk to lose faster an implant, should marginal bone loss occur, since there is no reserve in bone to implant contact.
However, consensual evidence is lacking regarding the survival rate of short implants (less than 10 mm) compared to standard implants placed in grafted areas.
The aim of this systematic review was to assess whether short implants are a more predictable solution than standardlength implants when placed in a bony envelope enlarged with a grafting technique, as shown by their survival rates, marginal bone loss and prosthetic failure.
Material and method
Registration This systematic review has been registered in PROSPERO on 13/04/2015, with the registration number CRD42015019393.
This review intends to answer the following focused question: Do short implants have better survival rates when compared with longer implants placed after bone regeneration in healthy, edentulous patients? This systematic review uses the PICO (Patient/Population, Intervention, Comparison and Outcome) question format in order to define the aim as well as the inclusion criteria. For this purpose, the analysed Population involves partially or fully edentulous patients, not affected by systemic conditions that could alter the outcomes. The determined Intervention is the placement of short implants in maxilla, mandible or both. The chosen comparison is dental implants placed in areas grafted by sinus floor elevation or vertical bone regeneration. Finally, the primary outcome was the survival rate of the implants (implants lost during study follow-up), and the incidence of prosthetic complications and mean differences of marginal bone loss defined as secondary outcomes.
Inclusion criteria In order to increase the quality of the available literature, the following inclusion criteria have been chosen: randomised controlled trials (RCT) in English, French, Portuguese or Spanish languages, made on healthy edentulous patients with at least 4 months post-loading follow-up and papers that consider short implants as those which length is less than 10 mm and are compared to standard implants placed in grafted areas in the same study.
Exclusion criterion Papers without an abstract or data repeated in other included studies.
A search in following databases was performed: PubMed, Lilacs and The Cochrane Library. Data extraction Two independent reviewers used the inclusion and exclusion criteria in order to evaluate the articles obtained in the search. Any discrepancies were resolved by mutual accordance. All the corresponding authors of the identified studies were contacted in order to ascertain if additional articles or unpublished data was available. Also, the bibliographies of the selected studies were checked for additional data.
Terms of the search
The quality of the included articles was evaluated using the Critical Appraisal Skills Programme (CASP) criteria for RCT, thus being analysed at both study and outcome level. The studies to be included needed to answer the questions 1 and 2 satisfactorily and have at least an overall punctuation of 50%. The risk of bias of the included studies was analysed with the Cochrane collaboration criteria.
Data analysis All data collection was done using an Excel document that was designed to express all the data regarding the variables included in this study. Implant failure and Prosthesis failure were evaluated as a dichotomous outcome and the statistical unit was the implant. The I 2 statistic was used to measure the proportion of statistical heterogeneity of the proposed outcome, and Cochran's test was used to determine the possible significance. Since heterogeneity was present, a random-effects model was selected [18] . The results were presented as relative risks (RR) with a 95% confidence interval (CI). The data were analysed by using the statistical software OpenMeta[Analyst], for Mac, version 10.10 [http:// www.cebm.brown.edu/openmeta/]. For the continuous variable marginal bone loss, the outcome was evaluated as mean difference (MD) in milimeters with 95% Confidence intervals (CI) and the statistical unit was the patient.
Results
Included studies The electronic search resulted in 484 papers, which were reduced to 6 papers [19] [20] [21] [22] [23] [24] according to previously described methods and as presented in the PRISMA Diagram flowchart (Fig. 1) . Two additional papers [25, 26] were included after repeating the search using a more recent date (06/28/2016). The corresponding authors of the selected studies were contacted via email with a 90% return rate, but no additional scientific evidence could be added to this systematic review through this means.
The 484 initial papers that were obtained by using described search terms were reduced to 29 papers after the initial filtering. These papers were analysed through reading their title and abstract, which discarded 19 papers, eight of which were excluded because their follow-up was shorter than an updated version of the same study; while the other 11 papers were excluded for not complying with the established inclusion criteria. Ten papers were thoroughly read by the two reviewers, after which two of those papers were discarded for not comparing short implants (< 10 mm) versus bone grafting techniques (Fig. 1) .
The included articles were evaluated using the CASP Criteria for RCTs, thus being analysed at both study and outcome level (http://www.casp-uk.net/#!checklists/cb36), as previously described in the Methods section and all the studies were of high quality ( Table 1) .
The Cochrane criteria indicated low risk of bias regarding allocation and randomization, although most of the included studies presented a performance bias since they were unable to guarantee that the patient and the practitioner were blinded (Fig. 2) . This, however, can be justified by the fact that the surgical techniques compared between groups were radically different. The results, however, were in all cases analysed by a blinded examiner. Moreover, four studies were found to have a higher number of female patients in one of the groups, and three studies had a larger proportion of smokers in the control group [19, 23, 25] while another study had more smokers in the test group [21] .
A total of eight papers, published between 2009 and 2015, were included and analysed, as shown in Table 2 . In three studies [19, 20, 22] , both the short implant group and the regenerated bone group were divided in maxillary and mandibular subcategories. The eight trials as a whole reported on a total of 400 patients ranging from 20 to 83 years old, who received a total of 946 implants that were subjected to a follow-up ranging from 12 to 60 months in both private centres and university hospitals.
Survival rates All eight randomised controlled trials reported on the number of implant failures, from which an overall survival rate of 96.72% for short implants and 97.34% for standard-length implants was obtained. The studies which had 12 to 36 months have survival rates that range from 91.67 to 100% and from 96.70 to 100% for short and standard-length implants, respectively. The only study with a longer follow-up (5 years) reported a survival rate of 91.67% for short implants and 95.08% for standard-length implants [21] (Table 2) .
Six studies used the same lengths for their respective implants, while five of the studies presented consistent lengths for standard-length implants. When comparing only those studies that presented consistent implant lengths, it was found that 6 mm implants had a survival rate that ranged from 97.0 to 100%.
A forest plot concerning the main outcome was constructed using the obtained relative risk of the included studies. No statistical significant difference was found between both groups in overall implant survival (P = 0.45) with a relative risk of 1.34 [0.63; 2.87] 95% CI, as expressed in Fig. 3a .
Additionally, the influence of the individual jaws was performed. No significant differences were obtained between the two groups in either mandible (P = 0.91; RR 0.93 [0.28; 3.13] 95% CI) and maxilla (P = 0.28; RR 1.79 [0.62; 5.16] 95% CI) (Fig. 3b, c) .
Marginal bone loss Six studies evaluated the differences in marginal bone loss through means (mm), which were evaluated according to the study at loading, 1, 3 and 5 year followup [19] [20] [21] [22] [23] [24] (Table 3) . A single study [26] evaluated this outcome in different time points, at 2 weeks after loading the implant and 1 year after loading, thus not allowing the to be included in the marginal bone loss meta-analysis.
In order to be able to compare the marginal bone loss of the different groups, forest plots regarding loading and 1 year follow-up were built (Fig. 4a, b) and results indicated as mean differences of marginal bone loss and 95% CI.
The overall analysis showed no significant differences between both groups (P = 0.18; MD − 0.04 mm [− 0.10; 0.02] 95% CI) for mean differences at loading and significant differences at 1 year follow-up (P = 0.002; MD − 0.10 mm [− 0.16; − 0.03] 95% CI). The I 2 analysis of the forest plots Table 1 Critical appraisal of the chosen articles by using the CASP tools, sorted by question number and overall number of satisfactory answers (n)
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F e l i c e ,C a n n i z a r o ,B a r a u s s e ,E s p o indicated high heterogeneity between studies with values equating between 87 and 92% (Fig. 4a, b) . Although, two of the included studies [19, 20] presented the results of mean differences of marginal bone loss discriminated by arch an overall MBL was not presented so both jaws were integrated in the forest plot analysis. When performing sub-group analysis for the individual jaw, significant differences in marginal bone loss were observed at loading (P = <0.01; MD − 0.11 mm [− 0.13; 0.09] 95% CI) as well as at 1-year follow-up (P < 0.01; MD − 0.15 mm [− 0.28; 0.01] 95% CI) for the maxilla. Although these results should be interpreted with caution due to the small number of studies (4 and 5, respectively), sample size and high heterogeneity.
Only four studies reported the mean differences between baseline-loading and baseline-1 year after loading for the mandible [19] [20] [21] [22] . No significant differences were observed at loading (P = 0. A meta-regression evaluating the relationship of mean differences of marginal bone loss during loading yielded statistical significance (P < 0.001). Thus, the greater the follow-up period after loading, the bigger the differences of MBL between groups favouring short implants (Fig. 5) . However, it is important to mention that one of the greatest limitations of the present systematic review was the scarcity of long-term follow-up RCTs with only 1 study with a 3-year follow-up and 1 with a 5-year follow-up.
Prosthetic failure Prosthetic failures were evaluated by seven studies [19] [20] [21] [22] [23] [24] 26 ]. An overall number of 9 short implantsupported and 10 standard-length implant-supported prostheses failed. The analysis considered, the number of events of prostheses failures (could not be repaired or that failed together with the implant) per number of implants placed. No significant differences were observed (P = 0.82; RR 0.90 [0.38; 2.14] 95% CI) between groups (Fig. 6 ).
Discussion
Main results With the available data, the results suggest that short implants perform clinically as well as longer implants, placed in augmented bone at least in the short term. Moreover, there were no differences between both groups about the implant survival, overall mean differences of marginal bone at loading and prosthetic failure rates. However, some significant differences were found in mean differences of marginal bone when comparing the 1 year post-loading or when comparing the maxilla, favouring short implants. This type of implants, furthermore, might prove to be a better option from a patient's comfort and economy-oriented point of view [25] . The authors of this systematic review consider that economical factors and patient satisfaction of both procedures could have a higher impact in an evidence-based, patient-oriented decision.
To our knowledge, this is the first systematic review that compares short implants with the use of standard implants placed in augmented bone that was performed exclusively with randomised controlled trials, for these studies provide the highest level of scientific evidence. Other systematic reviews have already addressed part of the subject [27] , but the authors of the present review consider that it its justified to compile and to analyse RCTs regarding both sinus floor elevation and vertical regeneration of the maxilla or the mandible, as these techniques serve the same purpose of grafting a bone area that will receive one or more dental implants.
The chosen outcomes have been the survival rates of both types of implants as the main outcome and mean differences of marginal bone loss and incidence of prosthetic complications as secondary outcomes.
While there are some differences between the various published RCTs on this subject that can be considered as confounding factors, as different types of grafts, regeneration procedures, implant types, diameters and lengths of the implants used, when performing the quality and bias assessment, all the included studies presented high quality and most of them with low risk of bias. However, it has to be noted that a greater number of female patients and smokers have been found in one of the two groups in four [19, 21, 23, 26] and three [19, 23, 25] studies, respectively, which could be considered a possible source of confounding factors. For the female patients, a recent study by Koszuta et al. [28] reported that, while gender itself does not affect the amount of implant failures, the patients receiving hormonal therapy are at a greater risk of losing their implants. As for smokers, recent studies [29, 30] have pointed that the habit of smoking has a harmful effect upon the surrounding bone, thus compromising the osseointegration.
The studied population in all eight articles was comprised of standard-homogenous patients without any remarkable particularity, and the interventions were carried in both private dental offices and university hospitals, however caution is recommended when extrapolating these results to other clinical settings, since experienced clinicians performed most of the procedures evaluated in the trials.
While evaluating if sample size determination was performed in the included RCTs, it was noted that only three of the included studies had a sample size that was large enough n/a n/a n/a n/a Pistilli et al. n/a n/a n/a n/a Thoma et al. [25] 2015 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a according to the sample size calculation performed [20, 22, 26] . The remaining three studies had a smaller sample size than the calculated size [21, 24, 25] and the last two included studies did not calculate the sample size [19, 23] . It is therefore possible that many of the included studies were underpowered to ascertain any significant differences between groups.
When comparing the results for the primary outcome, no significant differences were found between short implants and standard implants in regenerated bone for the overall survival rates and when comparing both jaws. However, when analysing individual studies, it was possible to see that smaller length implants (bellow 7 mm) present lower survival rates. These results are in agreement with previous studies for shorter implants [25] . Although the authors intended to compare fully edentulous with partially edentulous patients only one study was a RCT on fully edentulous patients [24] with a small sample size to be able to do statistical comparisons, however the results presented are in agreement with the studies with partially edentulous patients.
The number of implant failures was greater in the short term, either before prosthesis placement, or during the first months of loading. This could be due to the poor bone quality in which some of the implants were placed. Some authors suggest that lower quality of bone is associated with a higher failure rate [31] which is true in areas like the posterior maxilla or augmented bone [32, 33] so it would be expectable that the results of this SR presented higher failure rates when comparing to standard implants placed in native bone. However, two recently published meta-analysis reported annual failure rates between 2 and 3% [34, 35] that are well within the values obtained in this systematic review for short implants and standard implants in augmented bone.
The presence of several confounding factors could not allow the authors to make a strong evidence based conclusions regarding the type of implant or regeneration material to be used, but the statistical analysis of the combined results suggests that the survival rate of both groups is similar with a relative risk of 1.34 between groups.
When comparing the results for the secondary outcomes, no significant differences were observed in mean differences of marginal bone at loading and prosthesis failure between both groups.
Some studies reported that the ratio crown-to-implant in short dental implants may lead to excessive occlusal and nonaxial loading which in turn may bring biological and technical complications [36] [37] [38] [39] , this relation has not been observed in this systematic review. However, these results should be view with caution since the information regarding the crown-to-implant ratio, the type of prosthesis and the use of splinting between crowns was scarce and could be considered a limitation of this study.
Sub-group analysis of mean differences in marginal bone changes in the different jaws, presented a statistical difference in the maxilla, marginally favouring the short implants, although with mean differences equating to 0.13-0.15 mm that are well bellow what can be considered of clinical significance.
When performing the meta-regression to evaluate the relationship between mean differences in MBL between both groups and follow-up period, it was possible to observe significant differences favouring the short implants group with smaller bone loss over time, with both groups not exceeding the criteria for MBL established for standard implants [40] . Hence, our findings point out that standard implants placed in regenerated bone have a higher bone loss over time when compared with short implants; however, this evidence is only corroborated by two available RCT. Several variables such as surgical technique [41, 42] , implant design and connection [43] , prosthetic considerations [28] or patient-centred variables [44] have to be considered aswell.
Despite the high quality of the included studies in this systematic review, there is a potential risk of bias due to the previous referred confounding factors and the small number of welldesigned studies with long follow up periods. Therefore, caution should be used when interpreting the results, but short implants can be used in atrophic bone areas with low vertical height with similar results to standard implants in augmented bone, at least in the short term (3-5 years).
Conclusions
Within the limitations of the present study, it has been found that short implants and standard-length implants in vertically augmented areas present comparable survival, prosthetic complication rates and marginal bone loss, being both techniques a correct option in order to replace one or more lost teeth. However, more randomised controlled trials with longer follow-up periods and bigger sample sizes have to be performed to confirm the present results. 
